
750012  WO 0510O1137 PCS/tl502n3v?9 USE OF MEMBRMTES  TO SEPARATE ORGAnIC
LIQUIDS hAVING  DIFFERENT POLARITIES The present invention relates to the
acquisition of organic liquids. More  specifically it relates to a process
for separating organic liquids based upon their  polarity utilizing a low
polarity or non-polar membrane. Backaround  Of The Invention It is well
known to separate mixtures of liquids by various techniques  10 including
adsorption or distillation. These conventional processes, however,
generally have high capital costs. For example, separating liquids by
distillation  requires expensive distillation towers, heaters, heat
exchangers, as well as a  substantial amount of auxiliary equipment, such
as, pumps, collection vessels,  vacuum generating equipment, etc.
Distillation operations also generally have 15 high operating costs
associated with heating, cooling and material transfer.  Additionally, the
specific properties of the materials being separated may  warrant equipment
or processing beyond that required for simple distillation to  complete the
separation. For example, when the mixture to be separated forms an
azeotrope , the separation may require a series of steps (e.g., use of two
or more 20 towers) or by the addition of other materials tome separating
system.  Adsorption systems also encounter comparable problems to those
associated with distillation. Thus, it would be advantageous to be able to
separate currents of materials  which are difficult or expensive to separate
by distillation or adsorption systems  25 The use of membrane technology to
separate mixtures which are difficult to separate by distillation or
adsorption are known in the art and include the use of  porous and
non-porous membranes. Non-porous membranes are used to separate  mixtures of
miscible liquids by exploiting the differences in the rate of transport
through the membrane by means of a solution and diffusion mechanism. Methods
30 have been proposed which utilize membranes to separate mixtures of
organic  substances or water/organic substance mixtures through
pervaporation, vapor WO (KV902237 



operating pansusums; ran quite 2 ? 5 OUT N05  PCTMSOV33979 upon a boil
thinsugh the reembirste, the In rise ease of petualsomidith the liquid to be
subjecirdi to separation is fed  5 on one side of a instantiate, while the
priesura is decreased or a carrier gas is pso~d on the other side of the
rearabove, at poessavagiv din morial to be separated  in the Seem of a gas
through the membrame. Vapor penetration differs in bar a  vapor of a baboon
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ponnity rehative to a ribiture of h vivids having varying polarmy cm be
selectively striessourd form the inissure, using a low polarity or non-pohn,
tim- 



30 porous bordit"n. 2 5 IN 1005  WO 03/02237 PCTIUS2/13919 Summary Of The
Invention The present invention is a method for separating at least one
lower polaarity  fluid from a mixture of fluids having varying polarity. A
method for separating at least one lower polarity fluid from a mixture of  5
fluids having varying polarity, compdsing contacting at least one low
polarity or  non-polar polymeric membrane with the mixture comprising fluids
ofvarying  polarity under conditions such that the at least one lower
polarity fluid selectively  permeates through the membrane, wherein the
membrane is one which has a ratio  of heteroatoms chemically bonded to the
carbon atoms in the membrane to the 10 number ofcarbon atoms of less than
about 02, preferably has than about 0.05.  Preferably, the method includes
the step of cutting the at least one lower polarity  fluid which has
permeated through the membrane. The eluting step includes  passing a solvent
fluid over the side of the membrane opposite to the side which is  contacted
with the mixture under conditions such that the lower poladty fluid is 15
carried away from the membrane. The mixture typically comprises fluids of
varying polarity, e.g., dimethyl carbonate, ethylene glycol. and methanol,
and  wherein the lower polarity fluid comprises dimethyl carbonate. It is
also desirable  to use the method of the present invention when averaged is
the lower polarity  fluid. 20 The present invention also includes the use of
such a membrane integral to  a chemical reactor, wherein the mixture
comprising the fluid of varying polarity is  formed via the reaction of
ethylene carbonate and methanol. Optionally. two or more lowpolariry or
non-polar polymeric membranes  are contacted by the mixture in series,
wherein the permeated liquid from one  25 membrane contacts the next
adjacent membrane and so forth. The membranes preferably have different fink
rates and different selectivities relative to the  selectively permeable
fluid or fluids which contact each respective membrane.  The membrane may
further comprise a porous support layer and typically is a  composite
membrane comprising a plurality of polymeric layers. 



30 The present invention also includes a process for producing a dialkyl
carbonate which comprises the following steps: (a) reacting an allmnol with
an WO 031002237 4 2 5 OCT 1005  PCTIUS02113919 allcylene carbonate- thereby
forming a product mixture comprising the dialkyl  carbonate, Lhe alkanol +~
alyLne embonate and, optionally, an alkylene glycol;  and (b) separating at
least a portion of the dialkyl carbonate from the product  mixture by
contacting at least one low polarity or non-polar polymeric membrane 5 with
the product mixture under conditions which produce a permeate comprising
the dialkyl carbonate, preferably dimethyl carbonate. Additional objects,
advantages and novel features of he invention will be  set forth in part in
the description and examples which follow, and in part will  become apparent
to those skilled in the out upon examination of he following, or 10 maybe
learned byprzcdce of the invention. The objects and advantages ofllre
invention may be realized and attained by means of the instrumentalities and
combinations particularly pointed out in the appended claims. Detailed
Description Of The Preferred Embodiments 15 As used herein and in the
claims, he tee- "lower polarity" when referring  to a fluid (e.g., liquid
and/or gas) means drat he fluid with lower polarity is of  relatively lower
polarity as compared to at least one other fluid of higher polarity  in a
mixture of fluids. For example, assume a fluid mixture contained fluid 1.
fluid 2, fluid 3, and fluid 4 and that each successively listed fluid was of
higher 20 polarity than the preceding listed fluids (i ., as to polarity:
fluid I < paid 2 < fluid  3 < fluid 4). Ilion each of fluids I through 3
could qualify as a flied of lower  polarity, because at least one fluid 4 in
the mixture of four fluids is of a higher  polarity than each of fluids I
through 3. Ile present invention is a method for separating a mixture of
organic  25 fluids (e.g., liquids and/or gases) based upon their relative
polarity. More  specifically, it is a method for.seleotvely separating a
liquid or liquids of  relatively lower polarity from a mixture of liquids
having varying polarity using a  



low polarity or non-polar, nonporous polymeric membrane. The process of he
present invention is accordingly suitable, for example,  30 for the
following separation tasks, i.e., the removal of dialkyl carbonates from
alcohols, the removal of dialkyl carbonates from diols, the removal of
dialky'. 25 OC1 20  WO 03/0112239 PCT/US@/13919 carbonates Sour
alcohollwater mixtures or mod/water mixtures, the removal of  alkyl pyridin
s from pyridine, and the removal of esters from reactiunmixturK  containing
acids and alcohols as starting materials. the process of me present
invention may also be applicable for separating hydrogen from gaseous
mixtures, 5 for example, from syngas containing hydrogen, carbon monoxide,
carbon dioxide  and mcdtane. Membranes that are useful according to the
present invention include those  membranes made from polymeric materials
which have low polarity or non-polar.  The membranes are preferably
non-porous polymeric membranes (i.e., non 10 porous in the sense of not
permitting macroscopic sized particles to pass  therethrough). The polymeric
membranes may be synthetic membranes or they  maybe made from naturally
occurring polymeric materials. for example, normally  occurring latex. The
suitability ofa given low polarity or non-polar membrane for use in  15 the
present invention maybe determined by a competitive diffusion testy in which
a mixture ofa polar species and a non-polar species is allowed to diffuse
through  the membrane. One such test is describes below in Example 1. A
relative  diffusivity (Le., diffusivity ofnon-polar species divided by diff
ivity of polar  species) greater than 1 is required, and greater than 3 is
preferred. 20 A membrane useful in the present invention is a low polarity
or non-polar  latex-based membrane foamed from natural latex found in the
Hevea brasilensis  tree. Natural Hevea latex has been described as a
cytoplasmic system containing  rubber and nonrubber panicles dispersed in an
aqueous serum phase. Generally,  Hevea natural rubber contains about 93 to
95 wt% Cis- 1.4-polyisoprene. The 25 nonrvbberportion consists Innocence
(0.30 1.0 wt%), acetone extract (1.5-4.5  wt%), protein (20:3.0 wt%) and ash
(02-0.5 wNh). 



The double bonds in such natural rubber undergo the usual chemical
reactions, such as, addition, substitution and translation. Thus, the
natural robber  can be treated or confided to change its physical
properties. For example, normal 30 rubber can be chlorinated to improve its
resistance to chemical attack, reacted with  peracids to provide an
epoxidized normal rubber which has increased oil WO 03/002237 6 Z 5 OCT M05
PCTdJS02/J3979 resistance and decreased im: peroration- or vulcanized (or
crowalimcced) to improve  tougheyess over a
~~~ciowpol~ityornon-polul~~mmbrme,  ne membrane can also be a synthrific;
low jylaait~, or non 5 based membrane, for example, pollywommone,
sityroce-manyl contrivance, or  reinforce. The symbeffic, low Calumny or non
polar polymeric membrane may also  be commoresid of a obscure of me or more
pabromem Tbe molecular orwiturc of  the polybrivic membrane will demornme
its relative polarfty. Gernabsily, most  unisrubstittered aliphatic
hydrocarbon or silicone palymers anchor consumers neill 10 have a relatively
low polanty or raimpolor and will be suitable for use in the  proesireat
bratertion, provided that mey citheriose exhibit the required physical
clausenteristics. For carbon based non polar pohnner mommosaies, it is
partiermil dam tre  unno of bererections, sucts ~q oxygen, nitrogen or
chicane, chernivilly handed to  15 fire carbon atoms in the membrane polymer
to the number of carbon atoms be less than U nominations par wartion atam
and more preferably less thim 0.05. Thus,  some cummin condensation
polvernam, such as; nylon 6,6 (padywaide) and  polyedayhrue lareplathahric
bill outside this preferred range of beterriatoor content Tire membranes
according to the Current invention may also be composed  20 of two or more
polymeric layers to morn a compirche memboxece. Preferable. the  composite
mentabrawe voll have a first other side composed of a low, polarity or
mor-palar milymeric imatemal to provide for the less polar Cobalt) to be
separated  fincer; the mixture wathin dre that whom side ofthe membrame.
Procrablythe  



composite membrane will face an inmer laybo or layers between the first
outeT side 25 and second mayer- side of the composite acemmxar~ The inner
layers should be of a  suitable material W allow diffusion of at least one
of dic non polar fluids to liv  separated from the starting mixture of Jump.
Optionally, me inner layer may be  chosen such that it will allow for
diffusion of less than all of fire non polar finiels  that diffuse into the
fired outer side of the membrame, For example, the must layer 30 or layers
they be of sufficierat number and/or darkness to allow for pufforental
diffintat of a molecule of amadho diameter been a mixture of fluids onth
equal 25 OCT 2O5  W0031(WS37 PCTN5oV13999  7 polarity The inner layer or
layers are preferably made ofapolymeric material.  The second outeri ayar
should be chosen to allow for difliseion of the low polarity  or non-polar
flwd(s) out ofthe membrane into a second fluid or mixture of fluids.  The
second outer layer is preferably made of polymeric materlaL 5 The physical
chargalcustics required far a given membrane will depend  upon the chemical
composition, temperature and pressure of both the permeate  and raffmate
phases in contact with the membrane. Essentially the membrane  must maintain
its integrity while providing the required separated performance  for the
substance being separated. 10 The separation performance for a membrane in
accordance with the  invention is governed bysolution-diffssion protases.
Typically, a fist fluid  mixture (e.g., a gaseous and/or liquid mixture)
ofmaterials having varying polarity  is contacted with a first face ofa
suitable low polarity omen-polar membrane and  a second solvent fluid is
contacted with the second face of the membrane. The 15 membrane is
characterized by pemtitting: (a) sorption in the first face of at least  one
component of the fluid mixtmq e.g., the least polar material in the
mixnrze,,  (b) diffusion of de, one component across the thickness of the
membrane; and (c)  desorption of the one component from the second f into
the solvent fluid. A  chemical potential gradient or concentration gradient
for the one component is 20 then established across the membrane, the
potential or concentration in the first  fluid mixture being greater than in
the second solvent fluid side. 



The overall vote of migation of the one component from the first fluid
mixture to the second fluid is dependent upon, inner, all a, the following:
(1) extent  and sure of sorption of that one component in the fast face of
the membrane; (2) 25 raze of diffusion of the one component through the
membrane; and (3) extent and  rare of desorption of the one component out
oftle second face into the solvent Neither extent or rate of sorption is low
then the overall migration rate of  the one component will be low regardless
of the diffusion rate of the component in TT~e extent andtox rate of  30 the
membrane or desorption rate into the solvent fluid. sorption of die one
component may be low, for example, because its concentraion WO 03iW2237 2 5
0CT 2003  PCIYUSem39?9 in cloyed fluid mixture is low, leading to low rate
oftransfer of the one r ent_ to tom first fsa. Also, the one component may a
ez:lyswells  plasticize the fast face and in doing an, permit sorption of
other components from  the fast fluid mixture into the first face. Stich
sweliingmay be restrained by 5 incorporating crosslinks in the membrane, by
blending (i.e., alloying) the material  of the membrane with substances
(e.g., polymers) which are not swollen by the  one component, by adding
substances which reduce the affinity of the membrane  for the one component,
and by inducing the formation of micro crystals in the  latex material of
the membane. Further, the characteristic dimensions of the 10 interstices in
the surface region of the membrane in the steady-state under  operating
conditions should generally be of a size which discourages sorption of
unwanted components. Generally the ran of diffusion of the one component
increases as its  diameter decreases. However, among components having
substantially the same  15 diameter, those of greater length (i.e., greater
aspect Ialio) will generally diff e less rapidly. Components having great
lengis (e.g., polymers) may not diffuse at  all even though they have small
diameters i n the extended (e.g., solvated or  diffused) form and
appreciable sorption (so-called "snakecage" effect). The  interstices in the
material of the membrane must be appreciably larger than the 



20 characteristic dimension of the diffusing component tog., the one
component). In  some instances the overall permeability can be quite high,
even though the extent  or sorption is law, owing to exceptionally large
diffusion coefficients. in some  processes (e.g., pervnporati ) the rate of
resumption of sorbed components into  the solvent fluid in contact with the
second face of the membrane can be so high 25 and/or the chemical potential
of the desorbed components in the solvent fluid so  low that the second face
is essentially free of sorbed components. In such a ruse,  the overall ante
ofitradesman of the one component may be almost entirely  detemuned by the
slow diffusion in the second face. Small molecules and/or  molecules having
high affinity for the material of the membrane ill then be 30 favored. WO
03(002237 2 5 OCT DOS  PCTIUS02113"9 If either the extent or rate of
desorption is low, then the overall migration  two nfthe one component will
be low regardless of me diffusion rate of the  component across the membrane
or sorption rate from the first fluid mixture into  the first face. The
extent of desorption may be low because the chemical potential 5 of the one
component in the solvent Humid is not sufficiently low compared to The
chemical potential in the second firm of the membrane, This may, for
example, be  dee to lack of sufficient diffusion and convection to remove
the desorbed one  component from the vicinity of the second face. On the
other band, the chemical  potential of the one component in the second
solvent fluid may be so low that 10 there is essentially no sorbed
component(s) in the second face resulting in very  low diffusion rates in
the face. The overall rare of migration and selectivity will be affected by
the specific  composition of the membrane and the physical characteristics
(e.g polarity) of the  polymer employed For example, the proportions of
elastomer, fillers, softeners 15 and vulcanizing agents present in the
compounded latex rubber can affect the  selectivity and rate of migration.
The molecular weight and viscosity of the  polymer or elastomm, and the
thickness of the membrane, can also affect the rate  of migration. 



Preferably, the addition of fillers and softeners will be avoided or 20
mmtmized, so that the membrane will contain none or only small amounts of
such  add Lives or impubties, because of the negative influence on the
permeability of  the membr ne. The membrane will generally be vulcanized (or
cross-linked) by  heating during the preparation process of the membrane or,
optionally, by the  addition ofa small amount of avuicardnng or
cross-linking agent during the 25 preparation process. The low polarity or
non-polar latex membrane of the current invention can  be prepared in the
form ofa film by any process known in the art, such as, for  example,
casting or coating an aqueous dispersion or emulsion followed by  drying.
Such an aqueous dispersion will generally contain about 5 to 10 wt% 30
etastomer, e g" polyyisoprene, and a crosstinking or vulcanizing agent, e
g., sulfia  or sultvr species. WO 03,1002237 10 2 5 OCI 205  lo7tMS01113979
A membentre terefed as tho present invention vall preferably braludin a
rour- porous heyer of a ancroble low debility or nrat-jsosn~ polystor
living, a thidontn of  show (I I to 15 nuts. prefictably 0.5 to 5 tails.
Pothwalsiv, the traft-porous lever  will be incorporated isto a consonance
sinecure which contains a carrier layer, 5 having a high degme of porosity
and mechanical strength. The carri" layer =  cromprice a laver of any
suitable varterial, such as. a fibrous or surn-illociess, goven  or
non~wrrven cloth or meas- a vare or meord mesb, or glass fiberv The causner
loyer a= be say porous, fiesible, material which is compatible rvith flor,
chemical  stature being sustained and which proo,odes enhancer properties
under  10 fic, spccific opesnany; yeardituars. The cart be of ese, vvivich
presents the Ifinv of  hquid firtan me side of the nerialustrave to the
other by arty means other than  karats in dre aM such so, flat shoms
orfihn,, nargs orlsollowfibers. Although the  is such a series of membranes
are entriployed, fle mixtura of liquids having v~g  



Nlmty wil] he contested successively vAth The remittance w that the
housecoat  firied heart one meragrays, is contestant edth the east merchants
in suvarsvion 20 TypicaHy, the rvill be leveraged an that day are ternaries
m order of  decroccong ove, of parreation and increasing selectivity The
process of the prosent invention is Particularly useftil for serpromwag
organic liquids having varying lislaiviess chat are difficart or costly to
seprosto by  ordsor treflards, such as, drsfiflation. For atcarple,
inexturcs of liquids, such ast 25 dinankyl carbonate and methanol, are
drffecult in asionage, by distribution boaawer  an areetcare is firmedf
However, since dunsdayl carbigate is less polar than  and wiltsetessively
putmears, through the low polarity or non-polar nararbovites of tic present
invention a a factor rato flant the manhasol, it can be  selectively
separated flom the lounge. 30 The present process can be cardod out trader
perespetration, conditions, in  mbich the faccurne of fluids (c.g, liquids
at ganes) having varying pohrrity is 2 5 OCT 2005  PCLUS0103919 II contacted
with one side of the low polarity or non-polar, non-porous membrane.  The
1", TMtar fluid to be separated from the mixture absorbs site the membrane
and diffuses therethmugb, as discussed above. The permeate side ofihe
membrane is maintained at a pressure which is lover than the vapor pressure
of 5 the permeate. Preferably, the permeate side of the membrane is
maintained at a  low pressure below about loam Hg. The permeatew ieh passes
through the  membrane and exits as avapor may be recovered by condensing at
IS  temperature or alternatively maybe swept away by use ofa moving stream
of gas.  Examples of separations under pervaporatlon conditions that are
contemplated 10 inchie separating methane fromamixtueof meth eand water
tiapor, and CO  (or possibly COi) from syngas. The present process can also
be carried out mdtc perstmetion conditions,  in which the mixnes of boards
having varying polarity is contacted with one side  ofthe low polarity or
non-polar,non-porous membrane. The less polar liquid to 15 be separated from
the mixture absorbs into the membrane and diffuses  



therethrongh. The penitence which passes through the membrane is swept away
with a liquid solvent stream. The solvent can generally include any
substance in  which the permeated substance being sera ed will dissolve into
or readily mix  with. Preferably, a solvent will be chosen which can easily
be separated from the 20 desired permeated liquid. Typical solvents can
include, for example, methanol,  beptane, pentane, hexane, cyclobexane, or
any other non-reactive, low- boiling  organic solvent The process conditions
of the present invention will vary depending on the  composition of the
mixture to be separated and the required performance criteria  25 of the
specific membrane, since the temperance can effect the diffusion raze
through The membrane and, thus, may effect the overall into and selectivity
For  example, dhnetlryl carbonate produced by the transeste cation reaction
of  eNylene carbonate with methanol can be separated from the reactor
effluent  stream by a process according to the present invention by
contacting the mixture 30 (e.g., reaction effluent) on a frost side of the
membrane at temperatures up to about  260C. Although the pressure is
noncritical, since the into of permeation is WO03NUR37 12 25dc i2005
PCT/USOVt3979 controlled by a solotionldifhusion mechanism, contacting
mixtures having  pressures unto about 5000 psia are contemplated, with
pressure differentials  across the membrane up to 600 psi being
contemplated. The permeate side of the  membrane will preferably be
maintained under a vacuum when operating under ion conditions. The process
of the present invention may find particular use when the  mixture of
liquids having varying polarity is an effluent stream from a reactor
wherein one of the components to be separated is a product of the reaction.
An  example of such an effluent stream is that obtained from the reaction of
methanol 10 and ethylene carbonate, wherein the effluent steam may carbon
nnreaaed  methanol, umeaeted ethylene carbonate, product dhmthyl carbonate
and product  ethylene glycol, and wherein the product to be separated is
dimethyl carbonate 



It is contemplated that the effluent stream from such a reactor may have
been subjected to preliminmy separation, e.g., distillation, to yield, fox
example, an  15 axeotrope of methanol and dunethyl carbonate. Thus, in one
embodiment, the process of the present invention will be  incorporated into
the purification steps ofa chemical synthesis, e.g., dialkyl carbonate
production. In another embodiment, the We 20 incorporated into the reactor
itself. This will be particularly useful in connection  with an equilibrium
reaction wherein a reaction product is selectively withdrawn  from the
reaction mixture. By withdrawing the reaction product, the equilibrium  can
be shifted to increase yield and selectivity and possibly reduce the amount
of  reactants or recycle to the reactor. An example of such a reaction is
the 25 transestefi6eation reaction between an alkanol and an alkylene
carbonate which  produces dialkyl carbonate and alkylene glycol. The
reactants to the trarisestetifieation reaction (c g., ethylene carbonate
and methanol) are typically contacted in the presence of airmisestedfication
catalyst. The aausesterification catalyst can typically include any
homogeneous m 30 heterogeneous catalyst brown in the arr which provides
adequate reaction kinetics. 2 5 OCI 2005 WO U3/002237 PCTN5O7113979  13
Examples of such catalysts include: alkali metals or alkaline earth metals,
such as, lithium, sodium, potassium, rubidium, cesimq maevesium, calcium,
soniium, barium and the like; basic compounds such as hydrides, hydroxides,
alkoxides, aryloxides and amides of alkali metals or alkaline earth metals
and the 5 like; basic compounds, such as, carbonates and hydrogencarbonates
of allcali  melds or alkaline earth metal, alkali metal or alkaline earth
metal salts of organic  acids and the like: tertiary amines, such as,
triethylamine, tnburydamhie,  trihexylamine, benzyldiethylamine and the
like; nitrogencontaining  heteroaromatic compounds, such as, N-alkylpyrrole,
N-alkylindole, oxazole, N 10 allrylimidszole, N-alkylpyrazole, oxadiazole,
pyddiot, alkylpyridine, quinohne,  alkylqumoline, isoquinohns,
alkylisoquinoline, acridine alkylacridine,  



phenanthroline, alkylpbuc hrnlivq pyrimldine, alkylpyimidine, triazme,
alkyltriazine and the like; cyclic amidmes, such as, diazabieyoloundecene
(DBL),  dia2alncyclononene (DBN) and the like; thallium compounds, such as
thallium 15 oxide, thallium halides, thallium hydroxide, thallium carbonate,
thallium nitrate  thallium sulfate, thallium salts of organic acids and the
Ile; tin compounds, such  as, aibutylmethoxytin, tnbutylethoxytin,
dibutyldimethaxytin, diethyldiethoxytiq  dibutyldiethoxytin,
dibutyldiphenoxytby diphenyldimahoxytin, dibutyltin acetate,  uibutyltin
chloride, be 2-etbylbexarmate and the like; time compounds, such as, 20
dimeihoxyzine, diethoxyzinc, ethylenedioxyzinc, dibutoxyzine and the like;
aluminum compounds, such as, aluminum trimethoxide, aluminum
triisopropoxide, aluminum tributoxide and the like; titanium compounds, such
as,  tetmmethoxytitmdum, tetraethoxydtamum, teuabutoxydtanium,
dichlorodimethoxytitatuum, tetraisopropoxytitanium, titanium acetate,
titanium 25 acetylacetonate and the like; phosphorus compounds, such as,
trhnelhylphosphine  irietirylphospltine, mbutylphosphine,
triphenylphosphine,  trihutylmethylphosphonium halides,
trioetylbutylphosphonium halides, a iphenylmethylphosphomum halides and the
like; zirconium compounds, such as,  zirconium halides, zhconocenes,
zirconium aoetylacetonate zirconium alkoxides,  30 zirconium acetate and the
like; lead and lead-containing compounds, such as, lead oxides, e.g., PbO,
PbO2, Pb3O1 and the like; Iced sulfides, such as. PUS, Pb'S3, 7 5 OCT 1D  WO
03/002237 PCT/US0203929 14 PbS2 and the like; lead hydroxides, such as,
Pb(O11)2: Pbs0z(Oli).  Pbz(PbO2(OH)r), Pb20(013)a and the Ike; plumbites,
such as, Na2PbOb K2PbO2,  NaHPbO2, KHP602 and the Idle; plumbates, such
as,Na2Pb03, Na1H2PbO4,  K2PbOaK2(Pb(OH)s], K4Pb04, Ca2Pb04 CaPbO3 and the
like; lead carbonates 5 and basic cabs thereof, such as, PbCO3,
PbCOS.Pb(OH)2 and the like; alkoxylead  compounds and aryloxylead compounds,
such as Pb(OCH3)2, (CH30)Pb(OPh),  Pb(OPb)2 and the kke; lead salts of
organic acids, and carbonates and basic salts  thereof such as, Pb(OCOCHSh
Pb(OCOCHa)4. Pb(OCOCHs)z,PbO.3H2O, and  the lice; organolead compounds, such
as, Bu9Pb. Ph<P,b, Bu PbC1, Ph3PbBr, 



10 Ph3Pb (or PhsPb2), Bu/PbOH, Ph2PbO and the like wherein Bu represents a
butyl  group and Ph represents a phenyl group; lead alloys, such as, Pb-Na,
Pb-Ca, Pb- Ba. Pb-Sn, Pb-Sb and the like, lead minerals, such as galena,'vnc
blende and the  like; hydrates ofthese lead compounds; ion-exchangers, such
as, action-exchange  resins having teriary amino groups, amide goups, or at
least one type of ion 15 exchange group selected from the group consisting
of sulfonate, carboxylate and  phosphate groups; strongly basic solid
anion-exchangers having quartemary ups as iomexchange groups and the like;
solid inorganic compounds, such as, silica, silica-alumina, silica-magnesia,
alnmivostlieate,  gallium silicate, various types of zeolites. various types
ofinetal-exchanged 20 zeolites, mmnoxdnm-exchanged zeolites; and mixtures
thereof Preferred homogeneous fransesterification catalysts include
aleoholates  and alkali hydroxides and carbonates, such as, sodium methylate
and sodium  hydroxide. Preferred heterogeneous iransesteri&cation catalysts
include Son  exchange resins having tertiary amine, quaternary ammonium,
sulfuric acid or 25 cabonylic acid functional groups, solid support
catalysts containing alkaline earth  metal halides, such as, }hose described
in U.S. Patent No. 5,498,743, Which is air by reference, or inorganic solid
support catalysts alone, such as, alumina, pseudoboebmite, MgO and MgO/A12O
e hydrotalcites, or containing  ions, metals, compound or complexes afar
least one element of Croups 1, 2,4-10, 30 12 and 13-17 (IUPAC classt5cation,
previously Groups IA. 2A, 4B-$B, 2B and  3A4A) of ace Periodic Table.
250C11005  WO 03/002237 PCT/11902/13919  I5 The catalyst can be utilized as
a solid, as a solubilized solid. or in liquid  form with the preferred
fonnbeing that of a solublized solid. A solid calelyst,  such as, an alkali
metal carbonate or alkali metal halide can be solubilized in one  or more of
the alkylene carbonate stream, allmnol stream or another stream that 5 may
be conveyed totbereacted vessel. A solid catalyst may also be employed ina
fixed bed or ebullated bed arrangement or may be fluidized in a manner so as
to  enhance the transesterification reaction. 



Trensesteri5cationceaction conditions generally comprise a reaction
temperature ranging from about 32F (0C) to about 500'F (260C), preferably
10 from about 70F (21-C) to about 400-F (204C, and more preferably from
about I 00SF (38C) to about 300-F (149C). Excessively high temperatures can
result  in the decomposition of the dialkyl carbonate into undesirable
thermolys]s  products, such as, carbon dioxide and possibly reduced yield or
selectivity ofthe  membrane. Exceedingly low temperatures can result in
reduced al6ylene carbonate 15 and allanol conversion. Suitable reaction
pressures generally range from about 0  prig to about 5000 prig, preferably
from about 50 psig to about 1000 psig and  more preferably from about 50
psig to about 500 psig Excessively now pressures  can result in vaporization
of the alkaaol resulting in carryover of the alkanol with  the dialkyl
carbonate-containing product. 20 In such a reaction, the latex-based now
polarity or non-polar, non-porous  membrane, preferably a polyisoprene
membrme, will be incorporated into a  trmsesterification reactor used to
react ethylene carbonate and methanol to  produce dimethyl carbonate and
ethylene glycol. By utilizing such a membrane in  accordance with the
present invention, the dimethyl carbonate product from the 25 reaction zone
can be selectively separated and withdrawn from the reaction  mixture as
pemreate. The rafflnate stream will generally contain ethylene glycol, a
small amount  ofd ethyl carbonate, unreacted methanol and unreacted ethylene
carbonate. It  may also contain homogeneous [ransesterificetiov catalyst, if
used. The raffinate 30 stream containing the umeacted ethylene carbonate can
be recycled to the 2 5 OCT 2005 coo 0.3/002 16 PCT/U5o1113979
transesterification reactor or possibly directed to a hydrolysis reactor for
convening unconverted ethylene carbonate to ethylene glycol. The membrane
separation process two be operated under pervaporation or ditions. Under
pervaporation conditions, the permeate side of the 5 membrane will typically
be mainr(r)ed under a vacate and a sweep stream of an 



.g., N2, can be used to sweep the vapor phase permeate steam, which contains
the dimcdryl carbonate, away from the membrane. Under perstraction
conditions, a liquid solvent stream, e.g., heptasse, will be employed to a
liquid pbasepermeam sream, which contains the dimethyl carbonate, away from
10 the membrane. In certain circumstances it may be benetie solvent which
will be used with the substance being separated. For example, in the oast of
a  permeate stream containing an alkyl carbonate, which will be used as an
oxygenate additive for gasoline, asuitable gasoline blending component may
be 15 employed as the sweep stream solvent, thus avoiding a separation step
for the  alkvI carbonate and the solvent. The examples set forth below are
for illustration purposes only- The scope  of the present invention is not
in any way limited by the examples set forth below 20 EXAMPLES Static
experiments were performed in which various mist res of organic  substances
were placed on one side of a low polarity or non-polar latex membrane  and a
solvent was placed on the other side of the membeme, The static system  was
maintained at about 70F (21C) and the composition on each side of the 25
membrane was measured by GC as a faction of time. 2 5 0CT 2005  WO 03/002234
PCT10SO2/I3999 17 EE 1 in this exanmle, a mixture containing 3.92 grams of
duaethyl carbonate  (DMC) and 325 grams of ethylene carbonate (EC) was
combined with 10 ml of  methanol (MeOH). The combination was placed inside a
TrojanrD brand non 5 lubricated latex condom, as commemialy available from
Youngs Rubber Co.,  division ofCarter-Wallace, New York, New York. 7be
condom was tied offend  suspended in a solvent of 200 ml ofMeOH contained in
a glass beaker. The  composition of the combination inside the condom (side
1) and ofthe solvent  outside oftbe condom (side 2) was measured by gas
chromatography over a period  



10 of 24 hours. The results are listed below in Table 1. TABLE 1 Results of
Static Experiment For DMC and EC (in wt%) Tim aho,7)0MC(side()EC (rd, 1)D
tC(side2)SC(sk02) 05a46 255149tWo 8352647410 2.2552A496534 9546.2S).8955
('<4 _20 So884116 15A review of Table I reveals that DMC dCfuses through the
latex membrane faster than EC. Fxe 2 In a static experiment similar to
Example 1, 10 mis ofa reaction produ 20from a zeolite catalyzed
transterification reaction, containing 93 vt% DMC, 50.1 WO 03/002237 18 2 5
Dcl 2D05  rCT/USC2/17979 wt% hydroxyethyl methyl carbonate (IM(Z), 28.4 wtee
EC and 12.2 wt% ethylene  glycol (EG). was placed de the 1Mjan(r) bland
latex c dom (aide I) and tied  off The condom was then suspended in 400 mis
of McOIT (side 2). The  composition of each side was measured by GC over a
period of 48 hours. On side  I the composition was determined for DMC, HMC
and EC as wt% of the total  mixture. The amount of EG as a function of time
was not recorded. On side 2 the  composition was determined for DMC, AMC and
EC as wt/ relative to each  other. The results are listed below in Table 2.
10 TADEC2  Results of static Experiment For DMC, ITMC and EC (in wt%) Tauc
DMC HMC 



EC DMC IIMC EC (ho,)Ride l)(Side 1)(Sid, 1)(side 2)(side 2)(side 2)
09.3501284 1386.5548.1 395753827i77611.1113 2152655329.2685G6119
281257.82862Is20 4857918.1238 A review of Table 2 reveals that DMC diffuses
through the latex  membrane faster than AMC. Mthough the amount of EG was
not quantified in 15 the table above, it was noticed that it primarily
remained on side 1 of the latex  membrane demonstrating that DMC diffuses
through the latex membrane facer  than EG.  W o 0310223, 25 OC11003
PCEN901113979 19 Ina static experiment similar to Example 1, a mixture of
5.0 grains of  DMC and 15 crane of McOH was placed on side 1 of the latex
condom  membrane and 200 ills ofheptane was placed on side 2 of the latex
condom  membrane. The composition of each side was measured by GC over a
period of  20 hours. The results are listed below in Table 3. TABLE3
Results of State Experiment For DMC and McOD (m wt%) mile (mu )DMC(
eI)M(saeDMC (side3)M (side 2) 01638}7 L676893 236769.1 20639177s.3R6 



10 A review of Table 3 reveals that DMC di5nses through the Is  membrane
faster than McOH. While we have shown and described several embodiments in
accordance  with or invention, it is to be clearly understood that the same
are susceptible to  numerous changes apparere to one skilled in the art.
'Therefore, we do not wish to 15 be limited to the details shown and
described but intend to show all changes and  modifications which come
within the scope of the appended claims. 2 5 OCT 2005 20 CLAIMS  What is
claimed is: I , A process for producing a dialkyl carbonate which comprises
the following steps: (a) reacting an ethanol with an alkylene carbonate,
thereby forming a  produce mixture comprising said dialkyl carbonate, said
alkenol and said alkylene  carbonate; and (h) something at least a portion
of sod dialkyl carbonate from said product  mixture by contacting at least
one low solidify or non-polar polymeric membrane with  said product mixture
under conditions which produce a permeate comprising said dalkyl  carbonate
in a concentration higher than in said product mixture from step (a) 2. The
process of claim 1, wherein said product mixture futher comprises an
alkylene glycol. 3 The protons of claim 1, wherein said dialkyl carbonate is
dimeth  carbonate. 4. The process of claim 1, wherein said membrane is one
which has a ratio of  heteroatoms chemically bonded to the carbon atoms in
said membrane to the number of  carbon more of less than about 02. The
method of claim 4, wherein said ratio is lass than about 0 05. 6. A method
for separating at least one lower polarity fluid from a mixture of  fluids
having varying polarity, the method comprising: contacting at least one low
polarity or non-polar polymeric membrane with  said mixture offluids
comprising fluids of varying polarity, at a pressure differential up to  



600 psia, such that at least one lower polarity fluid selectively permeates
through said  membrane. 25 OCT 2005 21 7. A process for producing a  dialkyl
carbonate, the process comprising'  (a) reacting an alkanol with an alkylene
carbonate at a temperature up to 2600C and at a pressure of up to 5000 psia,
thereby forming a product mixture comprising  said dialkyl carbonate, said
alkano l and said alkylene  carbonate; and (b) separating at least a portion
of said dialkyl carbonate from said product  mixture by contacting at least
one low polarity or non-polar  polpneric membrane with  said product mixture
under conditions which produce a permeate comprising said dialkyl
carbonate in a conewttafinn  higher than in said product mixture from step
(a) at a pressure  differential up to 600 psis. 


